Summary
The paper presents the results of synthesising acrylonitrile butadiene styrene plastic, which make it possible to assess the influence of the characteristics of different specimens of block styrene butadiene rubbers on the kinetics of the copolymerisation process, the viscosity characteristics of the reaction mix in time, the degree of grafting of the monomers on the rubber, and the molecular parameters of the copolymer obtained.
The copolymerisation of styrene with acrylonitrile in the presence of rubber is the main direction ensuring that characteristics such as impact strength, heat and chemical resistance, and cold resistance of the polymer are achieved. The structure formation of high-impact styrene copolymers occurs in several stages. At the start of the process, the solution of rubber in styrene or the monomer blend is a homogeneous system. After the initial stage of polymerisation, as the copolymer of styrene with acrylonitrile builds up, a heterogeneous structure is formed, in which the disperse phase is the solution of copolymer in the monomer blend. Phase inversion occurs when the phase volume of the copolymer is equal to the phase volume of the solution of rubber, and the matrix becomes the continuous phase in which rubber particles are distributed [1] . The strength properties of high-impact copolymers of styrene are influenced by many parameters, the optimum values of which are ensured chiefly by the selection of the polymerisation conditions. However, the properties of the product, and also the parameters of the process, depend on the properties of the rubbers used [2] . In this connection, it is of interest to study the relationship between the kinetic and viscosity features of the process and the properties of the formed copolymer when rubbers with different characteristics are used.
In this work, industrial specimens of block styrene butadiene rubbers (BSBRs) were investigated. The interest in BSBRs is due to the more homogeneous dispersion of the polybutadiene segments than when homopolybutadiene is used because the polystyrene block of the rubber is compatible with the copolymer of styrene with acrylonitrile [3] .
The dynamic viscosity of the rubbers (5.43 wt% solution of rubber in toluene), hereinafter referred to simply as the dynamic viscosity, was determined by measuring the time of flow of the rubber solution by gravity through the capillary of a glass viscometer at constant temperature. The microstructure of the butadiene part and the content of combined styrene were determined by IR spectroscopy on a Spectrum 100 IR Fourier spectrometer with the spectra taken in the range from 400 to 4000 cm
. The mass fraction of block styrene was determined by a method based on the oxidation of ethylene bonds in the block copolymers in 1,2-dichlorobenzene by alkyl hydroperoxide in the presence of osmium(VIII), the precipitation of polystyrene with ethyl alcohol, and subsequent separation and weighing of the precipitate. The molecular weight distribution and the polydispersity of the rubbers were determined by gel permeation chromatography on a Waters Alliance GPCV-2000 liquid chromatograph. The results obtained are given in Table 1 .
From the data presented in Table 1 it can be seen that the investigated specimens of block styrene butadiene rubbers differ in dynamic viscosity, molecular weight Plasticheskie Massy, No. 5-6, 2015, pp. 24-27 The graft copolymerisation of block styrene butadiene rubbers with acrylonitrile and styrene Translated by P. Curtis characteristics, and the content of 1,2-units and combined styrene. The proportion of combined styrene is similar to the content of block styrene for all the investigated specimens.
The production of ABS plastic using the above specimens of rubbers was conducted on a laboratory unit for the synthesis of styrene-based polymers by bulk polymerisation in the presence of an initiator. Preliminary polymerisation was carried out to 30% conversion. After this, the reaction mix was transferred into ampoules, and subsequent polymerisation was carried out to extensive degrees of conversion. As a result, three copolymer specimens were obtained:
• ABS plastic No. 1 -using rubber BSBR-1;
• ABS plastic No. 2 -using rubber BSBR-2;
• ABS plastic No. 3 -using rubber BSBR-3.
The viscosity characteristics of the reaction mass during polymerisation were taken on a Brookfield rotation viscometer. The maximum value of viscosity of the reaction medium amounted to 7500 mPa s. The degree of monomer conversion in the process of synthesis was determined by the gravimetric method with account taken of the calculated amount of rubber in the mix formulation. The mass proportion of gel fraction (graft copolymer) and homopolymer and the swelling index of the ABS plastic were determined by selective fractionation. The particle size of the rubber was determined on a Mastersizer analyser (Malvern Instruments, UK) equipped with an optical block, a controller, and a disperser. The molecular weight characteristics were determined by gel permeation chromatography on a Breeze liquid chromatograph.
The results obtained in the process of synthesising ABS plastic with the use of different rubber specimens are presented in Table 2 and, for clarity, in Figure 1 . The pattern of change in viscosity of the reaction medium during copolymerisation is shown in Figure 2 .
At the initial stage of the process, with the aim of uniform distribution of the reaction mix components, mixing and heating were conducted at a temperature of 70°C for 1 h. Increase in temperature to 120°C leads to polymerisation of the monomers and to a systematic increase in the copolymer yield. Here, during the synthesis of ABS plastic No. 2, the monomer conversion was slightly higher than for the remaining specimens. Then, with increase in temperature to 130°C, a higher rate of the process is characteristic for the synthesis of ABS plastic No. 1. This is probably due to the higher content of vinyl units in the rubber used during copolymerisation.
It is also possible to note the different behaviour of the systems in the 'zone of phase inversion'. The curves of change in viscosity of the reaction mass as a function of polymerisation time, presented in Figure 2 , indicate that, with increase in the styrene content in the rubber, there is an increase in the time needed for the prescribed viscosity of the system to be achieved. In the experiment with the BSBR-2 specimen, phase inversion occurs so rapidly that the instrument is unable to record the fluctuations in the viscosity of the reaction mass. When BSBR-3 is used in the process of ABS plastic synthesis, there is a clear systematic fall in viscosity of the reaction mass over a period of 20 min, which indicates slow phase inversion. In the experiment with BSBR-1, phase inversion occurs in two stages from 125 to 145 min. It is known [4] that lower dynamic viscosity and molecular weight of the rubber promote its more rapid dissolution in styrene, as a result of which the rubber is dispersed well in the solvent, having a smaller particle diameter and a greater surface area. In the industry, the optimum rubber particle size and distribution in the matrix of highimpact copolymers are achieved in different ways: by the selection of the mixing conditions and different types of initiator, and by using different types of rubber [1] . Data on the particle size of the rubber in the obtained specimens of ABS plastic are given in Figure 3 .
It can be seen that the smallest size and more homogeneous particle distribution of the rubber are characteristic of ABS plastic No. 1 synthesised using BSBR-1 rubber as the elastomer, which possessed the lowest dynamic viscosity (11 mPa s) and lower average molecular weights, and also the narrowest molecular weight distribution ( Table 1) . On the other hand, the maximum particle size of the rubber was obtained during the synthesis of ABS plastic No. 3 using BSBR-3 rubber, which possessed a higher molecular weight and polydispersity.
Data on the gel fraction content and the swelling index of the trial specimens of ABS plastics as a function of the degree of monomer conversion are given in Table 3 .
With increase in the degree of monomer conversion, there is a reduction in the graft copolymer yield [5] , which is consistent with the results obtained. From Table 3 it can be seen that, at the initial stage of polymerisation, the greatest degree of monomer conversion was obtained during the synthesis of ABS plastic No. 2. Furthermore, for this specimen, the greatest degree of grafting of monomer to rubber was observed. At the final stage of polymerisation, the greatest degree of monomer conversion, equal to 69.9 wt%, and the lowest proportion of graft copolymer, equal to 16.9 wt%, were characteristic of ABS plastic No. 1.
It is well known [6] that the process of formation of a crosslinked graft polymer occurs at the final stages of polymerisation. The crosslinking rate increases with increase in the degree of monomer conversion and with increase in the vinyl structures in the rubber. The index characterising the crosslinked phase of styrene-based graft polymers is the swelling index. With increase in the crosslinked structures, the swelling index of the copolymer in the solvent decreases. In the synthesis of ABS plastic The molecular weight characteristics of the trial specimens of ABS plastics are given in Table 4 .
It can be seen that the average molecular weights and the polydispersity of the specimens of ABS plastics No. 2 and No. 3 are similar. For ABS-plastic No. 1 we observed higher average molecular weights in comparison with specimens No. 2 and No. 3 and the narrowest molecular weight distribution (a low level of polydispersity), which indicated a more homogeneous structure of the copolymer macromolecules. It must also be pointed out that ABS plastic No. 1 was noted for a higher content of high-molecular-weight fractions. On the basis of the obtained results of investigations of this series of rubber specimens, it can be concluded that, with increase in the number-average and weight-average molecular weight of the rubber used in copolymerisation, the average molecular weights of the ABS plastic decrease. The dependence of the polydispersity of the ABS plastic on the polydispersity of the rubber used in the process of synthesis is directly proportional.
Thus, the results of the investigations conducted showed that the nature of the dependence of the degree of monomer conversion during the synthesis of acrylonitrile butadiene styrene plastic with the use of rubbers with different characteristics was similar. The maximum copolymer yield was obtained by using a block styrene butadiene rubber with an increased content of vinyl units. The significant influence of the type of rubber on the behaviour of the viscosity of the reaction medium in time was established. It was shown that increase in the mass fraction of styrene in the BSBR led to a change in the nature of the process of phase inversion. It was found that lower dynamic viscosity and molecular weight of the rubber led to the production of ABS plastic with a minimum particle size of the rubber and with a more homogeneous composition of the rubber particles. The content of gel fraction, irrespective of the characteristics of the rubber used, was at the same level; on the other hand, an increased content of 1,2-units in the rubber was accompanied with a reduction in the swelling index.
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